To assess time to insulin initiation among patients with type 2 diabetes mellitus (T2DM) treated with sitagliptin versus sulphonylurea as add-on to metformin.
Introduction
Because of the progressive nature of type 2 diabetes mellitus (T2DM), there is a gradual decline in the effectiveness of oral antihyperglycaemic drugs (OADs) over time, reflecting an ongoing diminution in insulin secretory function [1] . As a result, long-term glycaemic control may be difficult to maintain with OADs, and many patients ultimately advance to insulin therapy [2, 3] . Insulin, while effective, complicates the management of T2DM, leads to hypoglycaemia risk and weight gain, and increases a patient's overall treatment burden. A number of observational studies have shown that OADs vary in the rate of treatment failure and time to insulin initiation. This difference may reflect the mechanism of action of each individual drug class, which has varying effects on -cell function over time. For example, a retrospective study of patients with T2DM in the USA found that patients treated with sulphonylureas had a higher probability of progression to insulin compared with patients treated with metformin and/or thiazolidinedione, even after adjusting for patient demographics, comorbidities and propensity scores [4] . Sulphonylurea therapy was also associated with earlier onset of insulin use versus metformin in a Canadian study [5] , and a study from Germany showed that patients who began treatment with sulphonylureas had three times the risk of insulin initiation compared with those who started on metformin [6] . In another study, conducted in several European countries, patients treated with sulphonylureas were significantly more likely to start insulin compared with patients treated with metformin [7] .
As well as the type of OAD prescribed, the previous literature has described other factors associated with insulin initiation. These include patient demographics, such as younger age [8] [9] [10] [11] [12] [13] , lower income [13] and non-Hispanic race/ethnicity [9] , as well as higher glycated haemoglobin (HbA1c) [8] [9] [10] [11] [12] [13] [14] [15] , fasting plasma glucose [11] , serum creatinine [14] , duration of T2DM [9, 13] and presence of comorbidities and diabetesrelated complications, including depression, lipid disorders, micro-and macrovascular complications and overall chronic disease score [4, 7, 9, 11, 13] . Patients who are treated with higher doses of OADs [16] , initiate with more than one agent [13] , have greater concomitant medication use [11, 16] , and who have a history of hospitalization are also at increased risk [16] . Furthermore, being treated by a specialist has been shown to be positively associated with insulin use [9, 13, 16] . Some of these factors may affect treatment patterns more than the underlying biology of disease.
Before insulin treatment, clinical guidelines generally recommend metformin as first-line therapy for patients with T2DM, but the ideal drug sequence after metformin failure remains unclear [17, 18] . Both sulphonylureas and dipeptidyl peptidase-4 (DPP-4) inhibitors are commonly prescribed with metformin as dual therapy for the treatment of T2DM.
Although there have been several investigations regarding insulin initiation in patients treated with sulphonylureas versus insulin-sensitizing drugs, there is a paucity of data assessing DPP-4 inhibitors in this regard. We therefore decided to compare time to insulin initiation, as well as the likelihood of insulin initiation, between patients treated with sitagliptin and those treated with a sulphonylurea, both added to metformin.
Materials and Methods

Study Design and Subjects
This was a retrospective, matched cohort study using data from the GE Centricity electronic medical records (EMR) database. GE Centricity is used in the USA by >20 000 clinicians to manage 30 million patients in 49 states. More than 5000 providers also contribute data to the Medical Quality Improvement Consortium to create a research database. The Medical Quality Improvement Consortium represents a variety of practice types, including solo practitioners, community clinics, academic medical centres and large integrated delivery networks, and approximately two-thirds of participating clinicians are primary care physicians. The de-identified database contains longitudinal patient data, including demographic information, vital signs, laboratory results, medication list entries, prescription orders, diagnoses and problem lists. Compared with national averages, the GE EMR population is older, predominantly has commercial insurance, and has a higher proportion of patients residing in northeastern and mid-western states [19] . Approximately 10.2% of patients in the database have a diagnosis of diabetes, slightly more than the 9.3% recently reported in the general US population [20] . At the time of the present analysis, data were available up to 31 August 2013.
The index period of the study was between 17 October 2006 (date of sitagliptin's approval by the US Food and Drug Administration) and 31 May 2013. The study population of interest comprised patients aged ≥18 years who initiated a sulphonylurea or sitagliptin as dual therapy with metformin during the index period. The index date for each patient was set as the date of the initiation of either a sulphonylurea or sitagliptin during the index period, whichever occurred earlier. The 1 year preceding the index date was defined as the baseline period. To be included, eligible patients had to have: continuous medical records during the baseline period and 90 days after the index date; used metformin on or within 1 year of the index date; continuously used a sulphonylurea plus metformin or sitagliptin plus metformin for at least 90 days after the index date; no history of type 1 diabetes mellitus any time before the index date; no history of gestational or secondary diabetes in the baseline period and any time after the index date; no history of non-metformin OAD use in the baseline period; no prescription for other OADs in the first 90 days after the index date; and no missing days of supply for sulphonylureas, sitagliptin or metformin within the first 90 days after the index date. All drugs in the sulphonylurea class were considered, including chlorpropamide, tolazamide, tolbutamide, glipizide, glyburide, micronized glyburide and glimepiride. Patients included in the study were followed until insulin initiation or until the end of data collection.
Measures and Outcomes
Patients were divided into two cohorts determined by treatment exposure: the sulphonylurea cohort consisted of those who received a sulphonylurea plus metformin on the index date, while the sitagliptin cohort included patients who received sitagliptin plus metformin on the index date. The outcome measures were: (i) time to insulin initiation, and (ii) insulin initiation within the follow-up periods 1, 2, 3, 4, 5 and 6 years from the index date.
To compare differences in cohort characteristics, a number of measures were assessed during the baseline period. Measures evaluated included: index year; patient demographics; prescribing physician specialty; health plan type; baseline metformin use; and days on metformin in the baseline period. Laboratory and clinical assessments included HbA1c, total cholesterol, LDL, HDL, triglycerides, serum creatinine, estimated glomerular filtration rate, alanine transaminase, aspartate transaminase, body mass index (BMI) and blood pressure. Other measures evaluated included previous diagnoses of hypoglycaemia, microvascular complications, macrovascular complications, kidney disease, liver disease, pancreatitis, gallstones, depression, hypertension, obesity (also defined as BMI ≥30 kg/m 2 ), hyperlipidaemia and malignant neoplasms.
Statistical Analysis
Before any matching, baseline measures were analysed descriptively for all patients and compared between the sulphonylurea and sitagliptin cohorts, with between-cohort differences assessed using Wilcoxon rank-sum tests for continuous variables and chi-squared tests for categorical variables. Descriptive analysis assessed the percent of patients initiating insulin during the study period, and the average time to insulin among patients who initiated in the follow-up.
Propensity score matching was then used to mitigate underlying differences in covariates between the cohorts, and a multivariable logistic regression was used to build the propensity score model. The independent variables included in the logistic regression model were all of the aforementioned covariates, and propensity scores were estimated with the stratification of missing laboratory patterns to account for missing values. Upon the estimation of propensity scores, a greedy matching algorithm matched the sitagliptin cohort to the sulphonylurea cohort 1 : 1. Matching used a caliper size equal to 0.2 times the standard deviation of the estimated log propensity scores. To ensure pairs were precisely matched on important covariates, the following variables were exact-matched: the duration of follow-up period (in years), previous metformin use, age group (<65 vs ≥65 years), HbA1c group (<8% vs 8-9% vs ≥9%), prescribing physician (primary care physicians vs specialists) and missing patterns of the laboratory assessments [21, 22] .
Using the matched-pair sample, descriptive analysis reviewed any remaining differences in baseline characteristics of the sitagliptin cohort versus the sulphonylurea cohort. Post-matching between-cohort covariate differences were assessed using Wilcoxon rank sum tests for continuous variables and chi-squared tests for categorical variables, as well as standard differences [23] . Kaplan-Meier analysis was then used to estimate time to insulin initiation in the sitagliptin cohort versus the sulphonylurea cohort. To account for pairing, between-cohort differences were assessed using partial likelihood ratio tests. Next, the number and proportion of patients who initiated insulin within 1, 2, 3, 4, 5 and 6 years from the index date was estimated, and between-cohort differences were calculated using McNemar's tests. Only patients with sufficient follow-up (i.e. continuous recording) over each different follow-up period were included in each Kaplan-Meier analysis.
Next, multivariable Cox proportional hazard regression analysis was used to quantify the relative risk of insulin initiation in the sitagliptin cohort versus the sulphonylurea cohort, controlling for covariates and stratified by matched pairs. The relative risk was quantified using hazard ratios (HRs), where a value of <1 indicated that sitagliptin was associated with a lower risk of insulin initiation compared with sulphonylurea. Next, conditional logistic regression was used to analyse insulin initiation separately within 1, 2, 3, 4, 5 and 6 years, with the relative risk quantified using odds ratios (ORs). In all multivariable analyses, 95% confidence intervals (CIs) and p values were evaluated using Wald's statistics.
To explore the effect of baseline HbA1c on insulin use, subgroup analyses repeated all analyses among patients with baseline HbA1c <9 and ≥9%. All analyses were conducted in sas version 9 using a threshold of 5% for all tests of statistical significance.
Results
Sample Selection and Characteristics
A total of 528 902 patients had at least one prescription for a sulphonylurea or sitagliptin during the index period (Table  S1 ). After applying all inclusion and exclusion criteria, 20 529 patients remained in the sample, of whom 14 425 (70.3%) initiated dual therapy with a sulphonylurea plus metformin and 6104 (29.7%) initiated dual therapy with sitagliptin plus metformin. Table 1 shows the baseline patient characteristics before and after propensity score matching. In the overall, unmatched sample, 52% of patients were male, the mean age was 58 years, and average HbA1c was 8.3%. Compared with the sulphonylurea cohort, the sitagliptin cohort had significantly lower HbA1c levels (sitagliptin: 7.9% vs sulphonylurea: 8.5%; p < 0.01), more days on metformin during baseline (224.8 vs 205.6 days; p < 0.01) and a lower incidence of comorbidities.
After applying propensity score matching, the matched-pair sample consisted of 7728 patients (3864 sulphonylurea users and 3864 sitagliptin users). As expected, after propensity score matching, any differences between the sulphonylurea and sitagliptin cohorts were substantially reduced and no longer statistically significant (Table 1) . Table 2 outlines the average time to insulin of unmatched patients who initiated insulin during the follow-up. In all, 9.9% of the sitagliptin cohort and 14.1% of the sulphonylurea cohort initiated insulin during the study period. Among the sitagliptin users who initiated, the mean time to insulin initiation was 1.94 years. Among the sulphonylurea users who initiated, the mean time to insulin initiation was modestly longer, at 2.07 years. Figure 1 shows the Kaplan-Meier results using the entire matched sample and showed that the sitagliptin cohort had a significantly lower risk of insulin initiation compared with the sulphonylurea cohort (p < 0.01). Six years after the index date, 26.6% of the sitagliptin cohort and 34.1% of the sulphonylurea cohort had initiated insulin therapy.
Time to Insulin Analysis
After covariate adjustment, the risk of initiating insulin therapy was 24% lower for the sitagliptin cohort compared with the sulphonylurea cohort (HR 0.76; 95% CI 0.65-0.90; Table 3 ). The Cox model also showed that a 1% increase in HbA1c level was associated with a 20% increase in the risk of insulin initiation (HR 1.20; 95% CI 1.00-1.42). Other significant associations with insulin initiation included age and obesity. Table 4 summarizes the results from six multivariable conditional logistic regression models that estimated the likelihood of insulin initiation from 1 to 6 years after index date. Conditional logistic regression analyses supported previous trends, and after adjusting for baseline characteristics, the sitagliptin cohort was significantly less likely to initiate insulin within 4 (OR 0.57, 95% CI 0.39-0.84) and 5 years (OR 0.29, 95% CI 0.11-0.75).
Insulin Initiation Analysis
Subgroup Analysis
All analyses were conducted in subgroups defined by baseline HbA1c <9 and ≥9%. Among patients with HbA1c <9%, Kaplan-Meier analysis showed that the sitagliptin cohort had a lower risk of insulin initiation compared with the sulphonylurea cohort (p < 0.01; Figure 1 ). Six years after the index date, it was estimated that 24.0% of the sitagliptin cohort and 30.9% of the sulphonylurea cohort initiated insulin therapy. Multivariable analyses were consistent with these results. Among patients with HbA1c levels <9%, the sitagliptin cohort had 23% lower risk of initiating insulin compared with the sulphonylurea cohort (HR 0.77, 95% CI 0.62-0.95). By contrast, among patients with baseline HbA1c ≥9%, Kaplan-Meier analysis found no significant difference between the sulphonylurea and sitagliptin cohorts (p = 0.52; Figure 1 ). While results from the Cox model showed a lower risk of insulin initiation in the sitagliptin cohort compared with the sulphonylurea cohort, results were not statistically significant (HR 0.75; 95% CI 0.49-1.15). Conditional logistic regression models were also used to explore the association between insulin initiation and treatment cohort in each subgroup; however, because of a lack of discordant pairs, the models were not reliable (results not shown).
Discussion
The present analysis showed that patients with T2DM on dual therapy with sitagliptin plus metformin had a lower risk of insulin initiation compared with patients on dual therapy with sulphonylureas and metformin. This trend remained 95% CIs and p values assessed using Type 3 Wald's statistics. Mean imputation by index drug was applied to fill missing laboratory assessments. As a result, all patients (n = 7728) were used in the regression model. CI, confidence interval; HbA1c, glycated haemoglobin; s.d., standard deviation.
significant after controlling for patient characteristics, and was mainly driven by a lower risk among patients with a baseline HbA1c <9%.
Findings from the present study were strengthened by the use of propensity score matching, which mitigated underlying differences in baseline characteristics between the two groups, which may have otherwise influenced the outcomes. The use of propensity score matching has been used successfully by others to explore time to insulin among patients with T2DM who initiated metformin or sulphonylureas as monotherapy [15] .
Results were in line with previous literature that found that patients treated with sulphonylureas had a higher likelihood of insulin use, and earlier insulin initiation, compared with patients treated with other OADs such as metformin [4] [5] [6] [7] 14, 16] . Only one previous study has assessed the risk of insulin initiation among patients treated with DPP-4 inhibitors specifically, reporting similar findings. Also using Cox regression, Kostev and Rathmann [7] found that, compared with patients treated with metformin, patients treated with DPP-4 inhibitors had a lower risk of insulin initiation, while patients treated with sulphonylureas had a higher risk. Our data extend Covariates included in each model were index year, demographic information (age, gender and ethnicity), specialty of prescribing physician, health plan type, residential location, pre-index metformin use, days on metformin use within 1 year before the index date and comorbid conditions. Laboratory assessments included HbA1c, body mass index, fasting blood glucose, LDL, HDL, triglycerides, total cholesterol, blood pressure, serum creatinine, estimated glomerular filtration rate, alanine transaminase and aspartate transaminase. CI, confidence interval; OR, odds ratio.
this observation with the use of propensity score matching, which adds robustness to the analysis. Insulin is an invaluable treatment option to help achieve glycaemic control in patients with T2DM. Nonetheless, most patients and clinicians prefer delaying its initiation until necessary because it is associated with hypoglycaemia and weight gain, and is also viewed as increasing the complexity of care, including an increased need for self-monitoring of blood glucose. Accordingly, there remains a need for effective oral agents that can maintain durable glycaemic control and delay insulin when metformin monotherapy is unable to attain or maintain glycaemic targets.
Sitagliptin, a DPP-4 inhibitor, reduces blood glucose levels through the modulation of the incretin system. Its main effects are to increase insulin secretion and decrease glucagon secretion in a glucose-dependent fashion [24] . In T2DM, there is progressive loss of the sensitivity of islet cell function to ambient glycaemia [25] . DPP-4 inhibitors appear to restore the appropriate response of both the and -cells to glucose concentrations. This, in turn, increases insulin and decreases glucagon secretion during hyperglycaemia, while decreasing insulin and increasing glucagon secretion during hypoglycaemia [26] . Sulphonylureas, by contrast, work solely through the stimulation of insulin secretion, which is not substantially modulated by the absence of hyperglycaemia or even by the presence of hypoglycaemia. That is, these agents increase insulin secretion even at very low glucose levels, which is in contrast to DPP-4 inhibitors. Secondary failure rates have long been considered another disadvantage of this class [27] . In one large, randomized clinical trial, the sulphonylurea glyburide was associated with greater loss of efficacy than either metformin or the thiazolidinedione, rosiglitazone [28] ; however, there are no long-term clinical trial data to support the proposed durability of effectiveness of sitagliptin versus sulphonylurea therapy.
In the present study we assessed other factors associated with insulin initiation besides type of treatment. The finding that HbA1c was significantly associated with insulin initiation is not surprising and is consistent with a number of previous studies [2, [8] [9] [10] [11] [12] [13] [14] [15] . After controlling for treatment type, patient characteristics and laboratory assessments, the only significant comorbid condition associated with earlier insulin use was obesity. This is actually contrary to other literature that did find a positive association between insulin use and a range of other comorbidities [4, 7, 9, 11, 13] ; however, none of these previous studies used propensity score matching. Notably, Fu et al. [14] also used propensity score matching and also could not find a significant association between a variety of comorbid conditions and insulin initiation, but did find a significant association with BMI. Variance in significant factors associated with insulin initiation across studies may be attributable to differences in patient characteristics and disease progression, the type of therapy, and length of time exposed to OADs, as well as the statistical methods applied.
Previous real-world observational studies suggest that after 6 years of treatment ∼15-25% of sulphonylurea users had initiated insulin, compared with the 28.7% figure in our study [6, 10] . The higher incidence of insulin use reported here may be attributable to the fact that, by study design, all patients were on dual therapy, representing a cohort of patients with more advanced disease. Differences in insulin initiation may also be attributable to varying types of sulphonylurea drugs across studies, as there may be some variation in treatment failure within the class [29] .
The present study has several limitations, mainly attributable to the data source. First, insulin initiation was primarily estimated based on prescription data; however, the days-of-supply and end dates for prescriptions were unavailable for a considerable number of patients, resulting in a drop in sample size. Without days-of-supply, the study could not distinguish between short-term and regular insulin users. Second, while the database captured prescription and drug information, it could not ascertain whether patients adequately followed physicians' instructions when taking medications. Likewise, prescription data alone cannot fully assess therapy patterns, and the study could not ascertain if a patient was continuously treated with the index therapy beyond 90 days, as required by the study design, or if they discontinued or switched therapy. Third, EMR data are mostly collected from primary care physicians, and, therefore, do not always capture diagnoses and treatments during hospitalizations or by specialists. As a result, serious comorbid conditions and severe hypoglycaemic events that require inpatient services or specialist care, insulin use during hospitalization, or prescriptions written by specialists may be under-recorded in the present study. Furthermore, hypoglycaemic events that are potentially mild or moderate and where a patient does not seek treatment are not captured by EMR data, nor is any care that has been received outside of the healthcare network.
There were also methodological limitations. Although propensity score matching creates balanced treatment groups based on observed baseline characteristics, the possibility of potential imbalances between matched groups attributable to unobserved characteristics cannot be excluded. Second, more than half of the study patients were right censored at the end of continuous medical recording; therefore, average time to insulin was only calculated among those who initiated insulin during the follow up. Because of the exclusion of censored patients, the average time to insulin between the two groups was not statistically comparable. Hence, the Kaplan-Meier comparison was more appropriate. Furthermore, logistic regression cannot fully account for the timing of insulin use, which may be right censored. The time period during which an outcome can be observed must be prespecified, and patients without complete data must be excluded; therefore, as the follow-up period increased, the number of matched patients included in each conditional logistic regression model decreased. In addition to the inability to account for censoring, the conditional logistic regression models were less reliable because the majority of matched-pairs were concordant (i.e. both case and control had the same response). Finally, it should be noted that a lower risk of insulin initiation may not necessarily indicate better glucose control in patients, as patients and clinicians are often reluctant to initiate insulin, even when indicated.
Future research may build on this study by using more granular prescription data that are able to measure the use of index therapy beyond 90 days, and whether patients added to or switched from the index therapy. This would provide more information about how the length of time exposed to each type of therapy was associated with insulin use. Further analysis may also investigate treatment patterns of insulin use beyond initiation.
In conclusion, in this real-world study, patients in the USA with T2DM treated with a combination of sitagliptin and metformin had a significantly lower risk of initiating insulin therapy compared with patients treated with a combination of sulphonylurea and metformin, driven mainly by the subgroup of patients with lower HbA1c levels. Although the differences appeared modest in terms of actual time to insulin therapy, these differences may be accentuated over time with longer follow-up. Whether our results represent a more advantageous effect on cell function of sitagliptin over sulphonylureas is not clear. Nonetheless, physicians and patients should consider this information when deciding the optimum dual therapy for the effective management of T2DM. Further studies will be needed to determine whether incretin-based therapy, such as with DPP-4 inhibitors, might potentially change the natural history of T2DM. Such studies would assess whether early treatment with incretin-related agents could alter the progressive decline in -cell function that characterizes the disease.
